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SUMMARY

Seven Department of Defense (DOD)-sponsored underground test
events were conducted from 12 September 1969 to 2 May 1972 to
study weapons effects. Two were shaft-type and five were tunnel-
type nuclear tests. The following table summarizes data on these
events:

OPERATION MANDREL GROMMET
A &
& g (2 & S5 5 A
O % 3 & 2] &P A
TEST EVENT § | o < ~ Sl & KNS
FIOF | S S | Tolde T
K < I N o ) £
) LN ') Ay ¥ ~
DATE 12 Sep 69 | 5 Dec 8011 Feb 70| 6 May 70| 20May 70|24 Nov 71]2 May 72
LOCAL TIME (hours) 1102 PDT|0900 P§T|1115 P5T|0830 POT]0716 POT|1216 PST} 1215 PDT
NTS LOCATION 'RRY U12e.11JU12n. 08 ] U121.01 JU12e.12 Uttg Ui2n.05
TYPE Shaft Tunnel Tunnel Tunnel Tunnel Shatt Tunnel
DEPTH (feet) se7 1,386 1.319 1.330 1,386 se7 1.234
YIELDX Low Low Low Low Low Low Low

¥ LOW INDICATES LESS THAN 20 KILOTONS
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Releases of radiocactive effluent to the atmosphere were de-
tected both onsite and offsite after MINT LEAF, a tunnel-type
event and DIAGONAL LINE, a shaft-type event. Releases of radio-
active effluent were detected only within the confines of the
Nevada Test Site (NTS) after the HUDSON MOON and MINUTE STEAK
events. No release of radioactive effluent was detected onsite
or offsite after the DIESEL TRAIN, DIANA MIST, and MISTY NORTH

test events.

As recorded on Area Access Registers, 9,480 individual en-
tries to radiation exclusion areas were made after the above DOD
test events. Of this number, 1,692 were by DOD-affiliated
personnel (including military, DOD civilian, and DOD contractor).
The remainder were United States Atomic Energy Commission (AEC)*,

other government agency, and other contractor personnel.

The average gamma radiation exposure per entry for all par-
ticipants was 20 mR. The average gamma radiation exposure per
entry for DOD-affiliated participants was 27 mR. The maximum ex-
posure of a non-DOD participant during an entry was 715 mR. The
maximum exposure of a DOD-affiliated participant was 545 mR.
These maximum exposures occurred on 12 October 1970 and 3
December 1970, respectively, after the HUDSON MOON event.

* The U.S. Atomic Energy Commission became the U.S. Energy
Research and Development Administration (ERDA) on 19 January
1975. The U.S. Department of Energy (DOE) succeeded ERDA in
October 1977.
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PREFACE

The United States Government conducted 194 nuclear device
tests from 1945 through 1958 during atmospheric test series at
sites in the United States and in the Atlantic and Pacific
Oceans. The United States Army's Manhattan Engineer District
(MED) implemented the testing program in 1945, and its successor
agency, the AEC, administered the program from 1947 until testing
was suspended by the United States on 1 November 1958.

Of the 194 nuclear device tests conducted, 161 were for
weapons related or effects purposes, and 33 were safety ex-
periments. An additional 22 nuclear experiments were conducted
from December 1954 to February 1956 in Nevada. These experiments
were physics studies using small quantities of fissionable mate-

rial and conventional explosives.

President Eisenhower had proposed that test ban negotiations
begin on 31 October 1958, and had pledged a one-year moratorium
on United States testing to commence after the negotiations
began. The Conference on Discontinuance of Nuclear Weapons Tests
began at Geneva on 31 October 1958, the U.S. moratorium began on
1 November, and the AEC detected the final Soviet nuclear test of
their fall series on 3 November 1958. Negotiations continued un-
til May 1960 without final agreement. No nuclear tests were con-
ducted by either nation until 1 September 1961 when the Soviet
Union resumed nuclear testing in the atmosphere. The United
States began a series of underground tests in Nevada on 15 Sep-
tember 1961, and U.S. atmospheric tests were resumed on 25 April
1962 in the Pacific.



The United States conducted several atmospheric tests in
Nevada during July 1962, and the last United States atmospheric
nuclear test was in the Pacific on 4 November 1962. The Limited
Test Ban Treaty, which prohibited tests in the atmosphere, in
outer space, and underwater, was signed in Moscow on 5 August
1963. From resumption of United States atmospheric testing on 25
April 1962 until the last atmospheric test on 4 November 1962, 40
weapons related and weapons effects tests were conducted as part
of Pacific and Nevada atmospheric test operations. Underground
tests, resumed on 15 September 1961, have continued on a

year-round basis through the present time.

In 1977, 15 years after atmospheric testing stopped, the
Center for Disease Control (CDC)* noted a possible leukemia
cluster within the group of soldiers who were present at the
SMOKY test event, one of the Nevada tests in the 1957 PLUMBBOB
test series. After that CDC report, the Veterans Administration
(VA) received a number of claims for medical benefits filed by
former military personnel who believed their health may have been
affected by their participation in the nuclear weapons testing

program.

In late 1977, DOD began a study to provide data for both the
CDC and the VA on radiation exposures of DOD military and
civilian participants in atmospheric testing. Early in 1978
during hearings by the U.S. House of Representatives Subcommittee
on Health and Environment, the DOD agreed to give top priority to
gathering and providing those data. Those efforts have pro-

gressed to the point where a number of volumes describing DOD

*The Center for Disease Control was part of the U.S. Department
of Health, Education, and Welfare (now the U.S. Department of

Health and Human Services). It was renamed The Centers for Dis-
ease Control on 1 October 1980.
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participation in atmospheric tests have been published by the
Defense Nuclear Agency (DNA) as the executive agency for DOD.

On 20 June 1979, the United States Senate Committee on
Veterans' Affairs began hearings on Veterans' Claims for Dis-
abilities from Nuclear Weapons Testing. In addition to request-
ing and receiving information on DOD personnel participation and
radiation exposures during atmospheric testing, the Chairman of
the Senate Committee expressed concern regarding exposures of DOD
participants in DOD-sponsored and DOE underground test events.

The Chairman requested and received information from the
Director, DNA, in an exchange of letters through 15 October 1979
regarding research on underground testing radiation exposures. In
early 1980, DNA initiated a program to acquire and consolidate
underground testing radiation exposure data in a set of published
volumes similar to the program under way on atmospheric testing
data. This volume is the fourth of several volumes regarding
participation and radiation exposures of DOD military and civi-
lian participants in underground nuclear test events.

SERIES OF VOLUMES

Most volumes in this series discuss DOD-sponsored under-
ground test events, in chronological order, after presenting in-
troductory and general information. These volumes cover all
except one category of underground test events identified as
DOD-sponsored in Announced United States Nuclear Tests, published
each year by the DOE Nevada Operations Office, Office of Public
Affairs. The category of events not covered was conducted as

nuclear test detection experiments in a program named VELA

Uniform. Generally, significant exposure (above the 30 mR
minimum detectable amount for film badges) of participants to

radiation did not occur during tests in this category.
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An additional volume discusses general participation of DOD
personnel in DOE-sponsored underground test events, with specific
information on those events which released radioactive effluent
to the atmosphere and where exposures of DOD personnel were
involved.

A separate set of books comprising one volume is a census of
DOD personnel and their radiation exposure data. Distribution of
this volume necessarily is limited by provisions of the Privacy
Act.

METHODS AND SOURCES USED TO PREPARE THE VOLUMES

Information for these volumes was obtained from several
locations. Security-classified documents were researched at
Headquarters, DNA, Washington, DC. Additional documents were
researched at Field Command (FC), DNA, the Air Force Weapons
Laboratory (AFWL) Technical VLibrary, and Sandia National
Laboratories (SNL) in Albugquerque, New Mexico. Most of the
radiation measurement data were obtained at the DOE, Nevada
Operations Office (DOE/NV), and its support contractor, the
Reynolds Electrical & Engineering Company, Inc. (REECo), in Las
Vegas, Nevada.

Unclassified records were used to document underground test-
ing activities when possible, but, when necessary, unclassified
information was extracted from security-classified documents.
Both unclassified and classified documents are cited in the List
of References at the end of each volume. Locations of the refer-
ence documents also are shown. Copies of most of the unclassi-
fied references have been entered in the records of the Coordina-
tion and Information Center (CIC), a DOE facility located in Las
Vegas, Nevada.
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Radiation measurements, exposure data, event data, and off-
site reports generally are maintained as hard copy or microfilm
at the REECo facilities adjacent to the CIC, or as original hard
copy at the Federal Archives and Records Center, Laguna Niguel,
California. The Master File of all available personnel exposure
data for nuclear testing programs on the continent and in the
Pacific from 1945 to the present also is maintained by REECo for
DOD and DOE.

ORGANIZATION OF THIS VOLUME

A Summary of this test event volume appears before this
Preface and includes general objectives of test events, char-
acteristics of each test event, and data regarding DOD

participants and their radiation exposures.

An Introduction following this Preface discusses reasons for
conducting nuclear test events underground, the testing organiza-

tion, the NTS, and locations of NTS underground testing areas.

A chapter titled Underground Testing Procedures explains the
basic mechanics of underground testing, purposes of effects
experiments, containment features and early containment problems,
tunnel and shaft area access requirements, industrial safety and
radiological safety procedures, telemetered radiation exposure

rate measurements, and air support for underground tests.

A chapter on each test event covered by this volume follows
iN chronological order. Each test event chapter contains an
event summary, a discussion of preparations and event operations,
an explanation of safety procedures implemented, and listings of

monitoring, sampling, and exposure results.
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Following the event chapters are a Reference List and appen-
dices to the text including a Glossary of Terms and a List of

Abbreviations and Acronyms.



CONVERSION TABLE

CONVERSION FACTORS FOR U.S. CUSTOMARY
TO METRIC (SI) UNITS OF MEASUREMENT

MULTIPLY N BY > TO GET
TO GET < BY < DIVIDE
curie (C) 3.700 000 X E+1 *giga becquerel (GBq)
degree (angle) 1.745 329 X E-2 radian (rad)

degree Fahrenheit tK=(t°f+459.67)/1.8 degree kelvin (K)
foot 3.048 000 X E-1 meter (m)

gallon (U.S. liquid) 3.785 412 X E-3 meter> (m°)

inch 2.540 000 X E-2 meter (m)

kilotons (kt) 4,183 terajoules

mile (international) 1.609 344 X E+3 meter (m)

ounce 2,834 952 X E-2 kilogram (kg)

rad (radiation

absorbed dose) 1.000 000 X E-2 **Gray (Gy)

roentgen (R) 2,579 760 X E-4 coulomb/kilogram

(c/kg)

1
[

*The becquerel (Bg) is the SI unit of radicactivity; 1 Bg
event/s.
**The Gray (Gy) is the SI unit of absorbed radiation.
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CHAPTER 1

INTRODUCTION

The first United States nuclear detonation designed to be
fully contained underground was the RAINIER tunnel event con-
ducted by the University of California Radiation Laboratory
(UCRL) for the AEC in Nevada on 19 September 1957. This was a
weapons related experiment with a relatively low yield of 1.7
kilotons (kt). The second tunnel event with a significant
nuclear yield was a safety experiment on 22 February 1958 also
conducted in Nevada by UCRL for AEC. This experiment, the VENUS
event, resulted in a yield of less than one ton. These two
tunnel events, and five additional underground safety experiments
with zero or only slight yields, were the beginning of the United
States underground nuclear testing program, currently the only
type of nuclear detonation testing permitted by treaty. The
first DOD-sponsored underground nuclear weapons effects test was
the 5.7 kt HARD HAT event conducted by the Defense Atomic Support
Agency (DASA) on 15 February 1962 in Nevada.

1.1 HISTORICAL BACKGROUND

While technical conferences between the United States and
the Soviet Union on banning nuclear detonation tests continued,
and concern regarding further increases in worldwide fallout
mounted, a number of nuclear tests were conducted underground
during 1958 in Nevada. Prior to the United States testing mora-
torium, six safety experiments in shafts, five safety experiments
in tunnels, and four weapons-related tests in tunnels were
conducted by user laboratories. Radiocactive products from sev-
eral of these tests were not completely contained underground.

Containment of nuclear detonations was a new engineering chal-



lenge. Understanding and solving the majority of containment

problems would require years of underground testing experience.

When the United States resumed testing on 15 September 1961,
the first 32 test events were underground, including a cratering
experiment with the device emplaced 110 feet below the surface.
The DOMINIC I test series in the Pacific and the DOMINIC II test
series in Nevada (also called Operation SUNBEAM by DOD) during
1962 were the last atmospheric nuclear detonation tests by the
United States.

The commitment of the United States to reduce levels of
worldwide fallout by refraining from conducting nuclear tests in
the atmosphere, in outer space, and underwater was finalized when
the Limited Test Ban Treaty with the Soviet Union was signed on
5 August 1963,

1.2 UNDERGROUND TESTING OBJECTIVES

The majority of United States underground tests have been
for weapons related purposes. New designs were tested to improve
efficiency and deliverability characteristics of nuclear explos-
ive devices before they entered the military stockpile as compon-

ents of nuclear weapons.

Safety experiments with nuclear devices also were conducted
by user laboratories in addition to weapons related tests. These
experiments tested nuclear devices by simulating detonation of
the conventional high explosives in a manner which might occur in

an accident during transportation or storage of weapons.

Weapons effects tests, sponsored by the DOD, were conducted
to determine the vulnerability or survivability of military

systems or components when exposed to one or more of the effects



of a nuclear detonation. The nuclear devices for these tests
were provided by the AEC weapons development laboratories and
were designed to be similar to nuclear components used in nuclear
weapons. Actual weapon configurations were used in a few test
events. Military systems, structures, materials, electronic
experiments, and other related experiments were provided by DOD
and AEC agencies. Many of these tests were very complex and
involved greater numbers of participants than other categories of
tests previously mentioned. Personnel from DASA, other govern-
ment organizations, and DOD contractor agencies, as well as

personnel from user laboratories and contractors, were involved.

Some tests were designed to study the response of hardened
structures or geologic formations to shock waves generated by
nuclear detonations. Many tests were designed to study the
response of military components to effects of radiation produced
by nuclear weapons. Such tests required a direct line of sight
between the nuclear device and the experiments. Many of the rad-
iation effects tests required the simulation of high altitude (up
to exoatmospheric) conditions. These tests involved installation
of experiments inside large steel line-~of-sight (LOS) pipes
hundreds of feet in length, with maximum diameters of several
feet. Large vacuum pumps were utilized to reduce pressure inside
the pipes to the desired level.

DOD weapons effects tests MINUTE STEAK, 12 September 1969,
to MISTY NORTH, 2 May 1972, conducted during Operation MANDREL
and Operation GROMMET are discussed in this volume. No DOD tests
were executed during Operation EMERY (1 July 1970 to 30 June
1971) although field operations were in process in Nevada during
this period for the two tests which were actually executed during
Operation GROMMET.



1.3 DOD TESTING ORGANIZATIONS AND RESPONSIBILITIES

Administering the underground nuclear testing program was a
joint AEC-DOD responsibility. The similar nature of the AEC-DOD

organizational structure is shown in Figure 1.

l1.3.1 Defense Nuclear Agency

Headquarters of the Defense Nuclear Agency is located near
Washington, D.C., and is composed of personnel from each of the
Armed Services and civilian DOD employees. It was originally
established as the Armed Forces Special Weapons Project (AFSWP)
to assume residual functions of the MED, through issuance of a
joint Army-Navy memorandum, dated 29 January 1947, which was
retroactive to 1 January 1947 (when the AEC was activated). The
responsibility for DOD nuclear weapons effects testing was
assigned to AFSWP. The National Security Act of 1947 had become
law when the Secretary of Defense issued a memorandum on 21
October 1947 to the three Service Secretaries confirming the
previous directive of 29 January, and thus, AFSWP officially
represented all of them. AFSWP was charged with providing
nuclear weapons support to the Army, Navy, and Air Force. As
originally chartered, AFSWP was directly responsible to each of
the three Service Chiefs. 1In 1951, the Air Force Special Weapons
Center (AFSWC) located at Kirtland Air Force Base (KAFB),
Albuquerque, New Mexico, was assigned by DOD the responsibility
to provide specific support to the AEC for continental nuclear
testing (see Section 1.3.2). This command was not directly
related to AFSWP; however, the two organizations coordinated
several support tasks.

By issuance of General Order No. 2, Headquarters, DASA,
dated 6 May 1959, AFSWP was redesignated the Defense Atomic
Support Agency. Under its new charter, DASA was responsible to
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the Secretary of Defense through the Joint Chiefs of Staff.
DASA's five major areas of responsibility for the DOD included:

l. staff assistance to the Office of the Secretary of

Defense, through the Joint Chiefs of Staff;
2. research in weapons effects;
3. atomic tests;
4, weapons related tests; and
5. assistance to the Services.

Responsibilities of Headquarters, DASA (HQ/DASA) included
providing consolidated management and direction for the DOD
nuclear weapons effects testing programs, while technical direc-
tion and management of field operations of DOD nuclear weapons
effects testing activities were delegated to Field Command, DASA
(FC/DASA), located at Sandia Base (now part of KAFB) in Albuquer-
que, New Mexico. From 6 May 1959 until 1 July 1964 the Weapons
Effects Tests Group (WETG) of FC/DASA was responsible for nuclear
weapons effects testing and seismic detection research responsi-
bilities (VELA UNIFORM) for the Director, DASA. This organiza-
tion maintained close liaison with the AEC/Nevada Operations
Office (AEC/NVOO). Personnel from FC/DASA became the military
members of the joint AEC-DOD testing organization at the Nevada
Test Site (NTS) and at other continental United States test
locations. Participation of DOD agencies and their contractors
in nuclear field tests was coordinated and supported by FC/DASA.
On 1 July 1964 the testing organization in Albuquerque was
designated as Weapons Test Division (WTD), a division of HQ/DASA.
On 1 August 1966, WTD was changed to Test Command (TC/DASA), a
separate command under HQ/DASA, but it remained in Albuquerque.

The responsibilities for technical direction and management of



field operations for nuclear weapons effects tests remained in
effect during these changes in organization. During this period,
WID and TC maintained an engineering and support branch
(designated Nevada Branch) at the NTS and a liaison office at
AEC/NVOO. The Nevada Branch maintained liaison with AEC/NVOO and
supervised FC/DASA activities at NTS. On 12 May 1970, the
Commander, FC/DASA assumed additional command of TC/DASA.

On 29 March 1971 (effective 1 July 1971), the Deputy
Secretary of Defense directed the reorganization of DASA as a
result of cutbacks recommended by the "Blue Ribbon Panel" survey
of agency activities. 1In his Executive Memorandum, DASA was
retained as a defense agency under the new title, "Defense
Nuclear Agency." On 1 July 1971, FC/DASA was redesignated as
FC/DNA and TC/DASA became TC/DNA. While the responsibilities and
manning levels at Field Command were reduced during this transi-

tion, Test Command remained essentially the same.

On 1 January 1972, TC/DNA was disestablished and personnel
were transferred to FC/DNA. The responsibilities for technical
direction and management of field operations for nuclear weapons
effects tests were transferred to the newly-formed Test Director-
ate (Field Command Test-FCT) of FC/DNA. The Nevada Branch of TC
was changed to the Test Construction Division of Test Directorate
(FCTC) and the responsibility for the liaison office at AEC/NVOO
was transferred to FCTC (see Figure 2).

1.3.2 Air Force Special Weapons Center Support

The commander of AFSWC was requested to provide air support
to the Nevada Test Site Organization (NTSO) during nuclear tests
at NTS. Direct support was provided by the Nuclear Test
Directorate, the Special Projects Division, and the 4900th Air
Base Group of AFSWC. The 4900th Air Base Group provided aircraft

for shuttle service between KAFB, New Mexico, and Indian Springs
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Air Force Auxiliary Field (ISAFAF) in Nevada. The 4900th also
provided aircraft and crews to perform low-altitude cloud track-

ing, radio relay support, and courier missions.

Other Air Force organizations providing support to the NTSO

under AFSWC control on a temporary basis were as follows:

1. Elements of the 1211th Test Squadron (Sampling), Mili-
tary Airlift Command, McClellan AFB, were detached to
ISAFAF. Their primary task was cloud sampling. Per-
sonnel from this unit also assisted NTSO radiological
safety personnel in providing support at ISAFAF, includ-

ing decontamination of crews, equipment, and aircraft.

2. Elements of the 4520th Combat Crew Training Wing, Tac-
tical Air Command, Nellis AFB, Nevada, provided support
functions, such as housing, feeding, and logistics, to
the units operating from ISAFAF and Nellis AFB. In ad-
dition, they conducted security sweep flights over NTS
and control tower operations, fire-fighting, and crash
rescue services at ISAFAF. They also maintained and
provided equipment for the helicopter pad at the NTS
Control Point (CP) and other helicopter pads at each
Forward Control Point (FCP).

3. The 55th Weather Reconnaissance Squadron, Military Air-
lift Command, McClellan AFB, provided one aircraft and

crew to perform cloud tracking.

4, The Aeronautical Systems Division, Air Force Systems
Command, Wright-Patterson AFB, provided aircraft and

crews to perform technical projects.



1.3.3 AEC-DOD Relationships

DOD was responsible for establishing criteria for nuclear
weapons, developing and producing delivery systems, developing
nuclear weapons plans and forces, providing defense against
nuclear attack, and obtaining nuclear weapons effects data
through DNA. The AEC was responsible for research and develop-
ment, production, and supply of nuclear weapons to the Armed
Forces in quantities and types specified by the Joint Chiefs of
Staff. Quantities and types of weapons were described in the
Nuclear Weapon Stockpile Memorandum signed jointly by the
Secretary of Defense and the Chairman of the Atomic Energy
Commission and approved by the President. The AEC, in
association with DOD, also was responsible for providing field
nuclear test facilities in the continental United States and

overseas.

The principal points of field coordination between the AEC
and the DOD were at AEC/NVOO in Las Vegas and at NTS. From the
beginning of the DOD underground nuclear weapons effects test
program (first test was HARD HAT in February 1962) until the
present, Field Command (or Test Command) was the fielding agency
for DOD/DNA and served as primary point of contact with AEC/NVOO.
AEC/NVOO and its predecessors represented AEC in the field for
all continental tests. The AEC nuclear weapons development
laboratories fielded underground tests as part of the weapons
development program; DNA fielded underground tests at NTS to
obtain weapons effects data. Since the NTS was an AEC instal-
lation, the Manager, AEC/NVOO was responsible for all operations
there.

For each DOD-sponsored test, HQ/DNA coordinated requirements
with the military services. Requirements for testing to deter-
mine the nuclear vulnerability or hardening of military systems

or components were submitted by these organizations. As part of

10



long range underground nuclear weapons effects test planning,
HQ/DNA developed a schedule of specific events designed to
satisfy military requirements. One or more of the DOD agencies
were cosponsors and, usually, active participants in each DOD
underground test. The initial approval of DOD experiments and
the selection of the nuclear source (device) for each test was
accomplished at the HQ/DNA level. A request for the appropriate
nuclear device and associated support was forwarded by HQ/DNA to
the Director, Division of Military Application, AEC. The AEC as-
signed one or more of the weapons development 1laboratories to

provide the device support.

Following initial planning, the responsibility for detailed
planning, engineering, fielding, execution, and reporting was as-
signed to FC/DNA, Field Command formed a test group staff for
each test. The technical director (normally a military officer
assigned to FC/DNA or AFWL) was appointed by HQ/DNA. The test
group director and other members of the staff were appointed by
FC/DNA. The test group engineer normally was selected from FCTC,

Nevada Branch.

The test group staff developed detailed test plans and
schedules. Engineering and construction plans were developed by
Nevada Branch and coordinated with NTSO. Final engineering de-
signs were developed by AEC contractors at NTS - Holmes & Narver,
Inc. (H&N) and/or Fenix & Scisson, Inc. (F&S). Engineering
drawings were approved by FCTC and NTSO prior to actual construc-
tion. Construction was performed by the principal AEC support
contractor - REECo. FCTC and members of the test group staff
monitored construction activities. The FC/DNA test group staff
coordinated development of technical experiments and initiated
action to obtain required support equipment (e.g., steel LOS pipe
and mechanical closures). The test group staff reviewed the
technical support requirements submitted by experimenter agencies

and transmitted consolidated requirements to Nevada Branch which,

11



in turn, advised the NTSO of future requirements.

During the construction phase, Nevada Branch began collec-
ting containment-related information. During drilling or mining
operations, rock cores were tested and analyzed for bulk density,
moisture content, grain density, porosity (determined by the
difference between bulk and grain densities), unconf ined
compressive strength, triaxial compression (for a variety of
confining pressures), ultrasonic shear and compressive wave
velocities, carbon dioxide content, presence of clay which could
swell, and other features. Testing was done for DNA primarily by
the H&N Testing Lab at NTS (Mercury) and TerraTek, a DNA
contractor 1located at Salt Lake City, as part of the DNA

containment research program.

As construction progressed, geologic features of the tunnels
were examined and mapped, usually by an AEC contractor. Several
months prior to planned event execution, FC/DNA prepared a
document which contained a general description of the test, site
geologic information, types and locations of mechanical closures,
details of concrete plugs, summary of analytical calculations,
and other related test history. This document was reviewed by
Containment Evaluation Panel (CEP) members (see Section 2.1.3)
and formally presented by FC/DNA to the CEP for categorization

and recommendation for test execution.

The FC/DNA test group staff normally moved to NTS a few
months prior to the planned event execution date (3 to 6 months
depending upon the complexity of the test). Prior to arrival of
DOD experimenter personnel, Nevada Branch made arrangements to
provide required instrumentation and recording facilities, office
space and equipment, communications equipment, vehicles, photog-
raphy and other support items. Housing and food services for DOD
personnel at NTS were provided by REECo. Upon arrival at NTS,
DOD personnel were briefed on safety and security by the test

12



group staff and other DOD and AEC personnel. Experimenter
agencies were provided with copies of FC/DNA security and safety
plans. These briefings included radiation safety control poli-

cies, procedures and equipment.

Under the supervision of the test group staff, experimenter
personnel installed experiments and checked out instrumentation
cables and recording systems. A series of electrical dry runs
were conducted from the user laboratory control room and DNA
monitor room at the Control Point complex to determine that all
signals and remotely-controlled equipment were functioning
properly. After all systems were declared ready, permission was
requested from the AEC to install the nuclear device. Installa-
tion and check out were conducted by the participating device
development laboratory with AEC security safeguarding the device
and other classified materials. The next activities consisted of
placing stemming materials in preplanned locations and checking

all containment features.

When the test facility was ready for event execution, con-
trol of the entire test and experiment area was transferred to
the AEC/NVOO Test Controller and his staff. When the Test
Controller was satisfied that all conditions were satisfactory to
execute the event, he gave permission to the user laboratory to

arm the device and initiated the final countdown.

The Test Controller and his staff at the CP monitored the
countdown, detonation, and postevent response of remotely-
controlled monitoring equipment. When released by the Test
Controller, REECo Radiological Safety (Radsafe) teams entered the
area to monitor for radiation and other safety hazards. After
assurance that reentry could be accomplished, the Test Controller
released experimenters to collect recorded data from surface
areas. All of these operations were conducted in accordance with
plans developed pre-event by the AEC/NVOO Test Controller staff,

13



the DOD test group staff, and Nevada Branch personnel, unless

postevent conditions required modifications.

For tunnel events, initial reentry into the tunnel was
authorized by the AEC Test Controller after he determined that
conditions were safe for reentry operations. Tunnel reentry was
controlled by Nevada Branch personnel with assistance from Sandia
Laboratories, Albuquerque (SLA) health physicists, REECo Radsafe
personnel, and REECo construction personnel. After the tunnel
was declared safe for experiment recovery, the test group staff
assumed control of the area. Based on REECo Radsafe monitoring
data FC/DNA personnel determined when it was safe to remove
tunnel experiments and data. Experimenters then removed experi-
ments and data for analysis and documentation of results.

1.4 AEC ORGANIZATIONS, CONTRACTORS, AND RESPONSIBILITIES
1.4.1 Atomic Energy Commission

The AEC was created by the Atomic Energy Act of 1946 in
July, the same month the Joint Chiefs of Staff were conducting
Operation CROSSROADS with assistance from the U.S. Army's
Manhattan Engineer District. MED was disestablished and the AEC
and AFSWP assumed MED functions on 1 January 1947. The Atonic
Energy Act was revised in 1954 and has been amended extensively

since.

The AEC established headquarters (AEC/HQ) offices in Wash-
ington, D.C., and operations offices in areas which were centers
of AEC operations. In areas of lesser activity, area offices,
branch offices, and field offices were established. The Direc-
tor of DMA in AEC/HQ was delegated responsibility for the nuclear
weapons development and testing program. The Director of DMA

always was a flag officer of one of the armed forces, as speci-
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fied by the Atomic Energy Act of 1954, and he was an Assistant

General Manager in the AEC organization.

In 1951, he designated and delegated his responsibility for
conduct of on-continent tests to the Test Manager who also was
Manager of the Santa Fe Operations Office (SF0OO), near Los Alamos
Scientific Laboratory (LASL). Later in 1951, SFOO was moved to
Albuquerque. With delegated authority from the Director of DMA,
the SFOO Manager designated Test Managers for on-continent tests.
The same authority applied when SFOO became the Albuquerque
Operations Office (ALOO) in 1956. The AEC Las Vegas Field Office
(LVFO), established in 1951, managed the Nevada Test Site (called
the Nevada Proving Ground from 1952 to 1955) for the Test
Manager. LVFO became a branch office in 1955, an Area Office in
1960, and the Nevada Operations Office in 1962, with the NVOO
Manager or his representative designated as Test Manager. In
1972, the Test Manager became the Test Controller.

1.4.2 Programmatic and Device Detonation Approvals

The Director of DMA (Division of Military Application was
changed in 1977 to Office of Military Application) initiated the
chain of authority and approval for detonating each nuclear
device by requesting each user laboratory and DNA to submit
proposed test programs to DMA. This request was made in the
spring of each year for tests to be conducted in the next fiscal
year. DMA consolidated proposed test programs, developed a test
program proposal while consulting with DOD, and generated a
program approval request. DMA then presented the proposed test
program to the National Security Council (NSC) Ad Hoc Committee
on Nuclear Testing. Chaired by the NSC, this Committee included
representatives of DOD, Joint Chiefs of Staff, Department of
State, Arms Control and Disarmament Agency, Office of Management
and Budget, Office of Science and Technology, and Central

Intelligence Agency. After incorporating informal Committee
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comments, DMA forwarded the proposed program from the Secretary
of Energy to the President through the NSC. The NSC solicited
and incorporated formal comments in its recommendation to the

President.

Test program approvals were requested at six-month
intervals. Approval of tests for the first six months was
received at the beginning of each fiscal year. The process was
repeated six months later for tests in the last half of the
fiscal year. Presidential approvals were signed by the Assistant
to the President for National Security Affairs. Subsequently,
test program authority messages were sent from the Director of
DMA to the user laboratories, DNA, and AEC/NVOO.

Authority to detonate each nuclear device was handled
separately and individually. Technical content of detonation
authority requests originated in presentations to the TEP by the
user laboratory or DNA. After recommendations by the TEP, the
AEC/NVOO Manager requested detonation authority from DMA.
Required information in each request included statements on
compliance with treaties, environmental impact, public
announcement plans, test program authority, and any particularly
noteworthy aspects of the test. After DMA and additional AEC
reviews, the AEC/NVOO Manager was notified of detonation
authority approval.

1.4.3 Nevada Test Site Organization

As stated in Chapter 0101 of the Nevada Test Site Organi-
zation Standard Operating Procedure NTSO-0101-01 (Appendix E),
the NTSO included, AEC, DOD, other user laboratory and contractor
personnel who participated in or provided support for test
operations at the NTS. The Manager, AEC/NV0OO, headed the NTSO
(Figure 3). The NTSO was a continuing task organization whose

composition could be readily changed in response to the needs and
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technical objectives of each test. The Continental Test Organi-
zation (CTO) was part of the original NTSO; however, it was dis-
established on 1 August 1962 with its responsibilities (e.g.,
Military Deputy to the Manager, NVOO) being assumed by FC/DASA,
WETG and subsequently by FC/DNA, Test Directorate. The Military
Deputy to the Test Manager, as shown in Figure 3, was from
Field Command and was responsible for coordinating DOD programs

and support to NTSO.

1.4.4 NTSO Radiological Safety

The Test Controller was responsible for protection of parti-
cipating personnel and offsite population from radiation hazards
associated with activities conducted at NTS. By mutual agreement
between the Test Controller and a scientific user (see Section
1.4.5), control of radiation safety within the area assigned for
a particular activity was delegated to the user's Test Group
Director during the period of time when such control could have
had a direct bearing of the success or failure of the scientific

program,

The onsite radiological safety support contractor (Radsafe)
was responsible to the Test Controller for both routine and test
event radiological safety onsite as detailed in Appendix D, USAEC
NTSO SOP Chapter 0524, "Radiological Safety." During test
events, as shown in Figure I of Appendix D and as discussed
above, the Test Manager delegated control of radiation safety in
the immediate test area to the user Test Group Director when he
requested control. When this occurred, Radsafe was responsible
to the Test Group Director through his radiological safety

organization for support in his test area.
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The U.S. Environmental Protection Agency (EPA)* was respon-
sible to the Test Controller for operation of the offsite
radiological safety program in accordance with procedures listed
in Appendix D.

1.4.5 NTS Scientific Users

The NTS scientific users were DNA (for nuclear weapons
effects) and the development laboratories: LASL, Lawrence
Livermore Laboratory (LLL), and SLA, LASL and LLL were primarily
involved in weapons related testing while SLA conducted a limited
number of weapons effects tests and supported weapons related

tests. A brief description of these laboratories follows:

A. LASL was established early in 1943 as Los Alamos,
Project Y, of the MED for the specific purpose of de-
veloping an atomic bomb. Los Alamos scientists super-
vised the test detonation of the world's first atomic
weapon in July 1945 at the TRINITY site in New Mexico.
Los Alamos became LASL in January 1947, when the AEC and
AFSWP were activated to replace the MED. The Labora-
tory's continuing assignment was to conceive, design,
test, and develop nuclear components of atomic weapons.
The contract under which LASL performed work for the AEC
was first administered by the AEC Santa Fe Operations
Office and later by the AEC Albuguergue Operations
Office. The Laboratory was operated by the University
of California.

*The U.S. EPA was established in 1971, and the Las Vegas, Nevada

office of the U.S. Public Health Service (USPHS) became a part
of the EPA,
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B. LLL (originally UCRL and then Lawrence Radiation
Laboratory) was established as a second AEC weapons
laboratory at Livermore, California, in 1952, The
Laboratory's responsibilities essentially were parallel
to those of LASL. Devices developed by LLL first were
tested in Nevada in 1953, and LLL-developed devices have
been tested in each continental and Pacific series
since. The contract under which LLL performed work for
the AEC was administered by the AEC San Francisco
Operations Office. This Laboratory also was operated by

the University of California.

C. SLA (originally Sandia Laboratory) at Sandia Base (now
KAFB), Albuquerque, New Mexico, was the AEC's other
weapons laboratory. It was established in 1946 as a
branch of Los Alamos, but in 1949 assumed its identity
as a full-fledged weapons research institution operated
by the Sandia Corporation, a non-profit subsidiary of
Western Electric. SLA's role was to conceive, design,
test, and develop the non-nuclear phases of atomic
weapons and to do other work in related fields. In
1956, a Livermore Branch of Sandia Laboratories (SL) was
established to provide closer support to developmental
work of LLL. SL also operated ballistic test facilities
for the AEC at the Tonopah Ballistics Range (now Tonopah
Test Range) near Tonopah, Nevada.

1.4.6 Test Support Organizations

In keeping with its policy, AEC used private contractors for
maintenance, operations, and construction (including military and
civil defense construction) at the NTS. AEC/NVOO personnel
administered all housekeeping, construction, and related services
activity, but performance was by contractors. Major support

contractors were the following:
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Reynolds Electrical & Engineering Company, Inc., was the

principal AEC operational and support contractor for the
NTS, providing electrical and architectural engineering,
state-of-the-art large diameter and conventional shaft dril-
ling, heavy duty construction and excavation, mining and
tunneling, occupational safety and fire protection, radio-
logical safety, toxic gas and explosive mixture monitoring,
communications and electronics, power distribution, occupa-
tional medicine, and other support functions. REECo main-
tained offices 1in Las Vegas and extensive facilities

necessary to operate NTS.

Edgerton, Germeshausen & Grier, Inc., of Boston, Massachu-

setts, was the principal technical contractor, providing
control point functions, such as timing and firing, and
diagnostic functions, such as scientific photography and
measurement of detonation characteristics. In addition,
EG&G personnel manned the DOD monitor room. EG&G support

facilities were maintained in Las Vegas and at NTS.

Holmes & Narver, Inc., performed architect-engineer services

for the NTS and was the principal support contractor for AEC
of f-continent operations. H&N had a home office in the Los
Angeles area and also maintained offices in Las Vegas and at
NTS.

Since 1963, Fenix & Scisson, Inc., Tulsa, Oklahoma, was a

consultant architect-engineer for drilling and mining opera-
tions in connection with underground nuclear testing. The
company was involved in design of many underground struc-
tures, and in the field of deep, large-diameter, hole drill-
ing. Las Vegas Branch activity was conducted from offices

in Las Vegas and Mercury, Nevada.
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Numerous other contractors, selected on the basis of lump-
sum competitive bids, performed various construction and other

support functions for AEC and DOD.

1.5 THE NEVADA TEST SITE

An on-continent location was selected for conducting nuclear
weapons tests; construction began at what was called the Nevada
Test Site in December 1950, and testing began in January 1951.
The name was changed to the Nevada Proving Ground (NPG) in March
of 1952 and again changed to the Nevada Test Site in 1955.

The original boundaries were expanded as new testing areas
and projects were added. Figure 4 shows the present NTS location
bounded on three sides by the Nellis Air Force Range. The area
of NTS was about 1,350 square miles in 1987. This testing loca-
tion was selected for both safety and security reasons. The arid
climate, lack of industrialization, and exclusion of the public
from the Nellis Air Force Range combined to result in a very low

population density in the area around NTS.

The only paved roads within the NTS and Nellis Air Force
Range complex were those constructed by the government for access
purposes. NTS testing areas were physically protected by sur-
rounding rugged topography. The few mountain passes and dry
washes where four-wheel drive vehicles might enter were posted
with warning signs and barricades. NTS security force personnel
patrolled perimeter and barricade areas in aircraft and vehicles.
Thus, unauthorized entry to NTS was difficult, and the possibil-
ity of a member of the public inadvertently entering an NTS test-

ing area was extremely remote.

Figure 5 shows the NTS, its various area designations, and
the locations of the seven test events covered by this volume.
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Generally, the "U" means an underground location, the number the
area, and the "a" the first test location in an area; in addi-
tion, for tunnels, the "t.0l1l" indicates the first drift from the
main "t" tunnel, as Ul2t.0l1 in Figure 5.

A low mountain range separated the base camp, Mercury, from
the location of early AEC and DOD atmospheric tests at Frenchman
Flat in Area 5. This area was later used for DOD underground
testing. The elevation of Frenchman Dry Lake in the middle of
the Flat is about 3,100 feet.

A mountain pass separates Frenchman Flat from Yucca Flat
testing areas. The pass overlooks both Frenchman and Yucca Flats
and contains the CP complex of buildings including Control Point
Building 1 (CP-1) where timing and firing for most atmospheric
tests was performed, and Control Point Building 2 (CP-2) where
radiological safety support was based.

Yucca Flat testing areas include Areas 1, 2, 3, 4, 7, 8, 9,
and 10. Underground tests were conducted in most of these areas
and generally were shaft emplacement types. The elevation of
Yucca Dry Lake at the south end of Yucca Flat is about 4,300
feet. To the west of Yucca Flat, in another basin, 1is the Area
18 testing location. Some DOD atmospheric tests were conducted
in Area 18, and one DOD cratering event, DANNY BOY, was conducted
on Buckboard Mesa in this area at an elevation of about 5,500
feet. Area 16 is in the mountains west of Yucca Flat toward Area
18. The single Area 16 tunnel complex at an elevation of about
5,400 feet was a DOD underground testing location.

Rainier Mesa is in Area 12 northwest of Yucca Flat, and the
top of the Mesa is at an elevation of about 7,500 feet. All DOD
tunnel-emplacement type events on NTS that were not in the Area
16 tunnel complex or the Area 15 shaft and tunnel complex were in

Rainier Mesa and the adjoining Pahute Mesa (parts of T Tunnel
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were constructed in the adjoining Pahute Mesa). The major

Rainier Mesa tunnel complexes were B, E, G, N, and T tunnels.

Area 15 is in the foothills at the north end of Yucca Flat.
The deepest of two access shafts drops 1,500 feet below the sur-
face elevation of 5,100 feet. There were three events conducted
in Area 15, all sponsored by DOD. HARD HAT and TINY TOT were
discussed in Report DNA 6320F, Operations NOUGAT and WHETSTONE
while PILE DRIVER was discussed Report DNA 6321F, Operations
FLINTLOCK and LATCHKEY.
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CHAPTER 2

UNDERGROUND TESTING PROCEDURES

Underground tests conducted at the NTS prior to 1962
primarily were weapons related or were safety tests. These tests
were controlled by the AEC and conducted by LASL or UCRL.
Experience gained during these tests, in the area of containment
of radioactivity underground, provided basic concepts to aid
development of containment plans for DOD/DNA sponsored under-
ground nuclear weapons effects tests which followed. These DOD
tests generally were more complex than earlier AEC tests and re-

quired the development of new containment concepts and hardware.

A primary consideration in all underground tests was the
safety of test participants and the general public, especially
regarding exposure to radioactive materials. This chapter
discusses, in general terms, the basic mechanics of underground
testing, containment and procedures, types of emplacement,
diagnostic techniques, area access requirements, industrial and
radiological safety, and radiation measuring systems.

2.1 CONTAINMENT, PROBLEMS, AND PROCEDURES

Completely containing radiocactive material underground while
accomplishing diagnostic measurements and effects experiments
proved to be a major engineering challenge. Original efforts
considered only detonation containment in competent rock forma-
tions. It was necessary to modify the original efforts to con-
sider zones of weakness in rock caused by faults, and containment
failures resulting from diagnostic and experiment structures.
Under certain conditions, particularly the presence of clay or

higher water content in rock near the detonation point, greater
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than normal stresses could be generated, which could adversely
affect containment. Some containment failures were partially
attributable to additional overpressure from secondary gas
expansion or, in other words, steam pressure. The major contain-
ment features and problems that evolved are discussed below.

2.1.1 Shaft Event Containment

Some of the first shaft-type safety experiments were in
unstemmed shafts with concrete plugs penetrated by cable and
instrumentation holes. When nuclear yields were produced, these
emplacements did not completely contain the radioactive debris.
The first method used to fully contain nuclear detonations in
shafts was stemming, or filling the shaft with aggregate and sand

after device emplacement.

Keyed concrete plugs at different depths in the shaft stem-
ming sometimes were used. The shaft diameter was enlarged at the
plug construction location so the poured concrete plug would key
into the ground surrounding the shaft and provide more strength
against containment failure. Combinations of concrete and epoxy
were used later, and epoxy replaced concrete as a plug material

for some shaft-type emplacements.

Radiochemical sampling pipes, LOS pipes, and other openings
in stemming and plug containment features had to be closed
rapidly after the detonation to prevent venting of radioactive
effluent to the atmosphere. Closure systems driven by high
explosives or compressed air were developed to seal the openings.
After some of these'early systems did not prevent releases of
effluent to the atmosphere, use of openings to the surface for
diagnostic or experiment purposes was discontinued for several

years until technology improved.

Scientific and other cables from the device emplacement to
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the surface were another source of containment problems. While
cables could be embedded in concrete and epoxy, which helped
prevent leakage along the outside of the cables, radiocactive
gases under high pressure traveled along the inside of cables as
a conduit to the surface. This problem was solved by embedding
the inner components of cables in epoxy at appropriate locations
or intervals, such as in epoxy or concrete plugs, in a technique

called gas blocking.

The most serious containment problems were caused by unanti-
cipated geologic and hydrologic conditions at particular test lo-
cations. Even careful and rigorous calculations, engineering,
construction, and preparations were inadequate when the presence
of a geologic zone of weakness near the detonation point toward

the surface was unknown.

Another similar problem was the presence of higher water
content than anticipated in rock formations surrounding or near
the detonation point. This problem caused greater shock trans-
mission plus secondary gas expansion when the water turned to
steam. In addition, presence of sufficient iron in the test
configuration caused disassociation of water with subsequent
greater secondary gas expansion from hydrogen gas. A result was
much higher and longer-sustained pressure from the detonation
point toward the surface, and possible subsequent failure of

geologic or constructed containment mechanisms.

Recognizing and understanding geologic and hydrologic condi-
tions at each test location was necessary before these contain-
ment problems could be solved. As additional information became
available through drilling and intensive geologic studies, these
problems were lessened by investigations of proposed detonation

locations and application of detailed site selection criteria.
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2.1.2 Tunnel Event Containment

As with shaft-type detonations, containment methods used for
tunnel events were designed using basic characteristics of the
nuclear detonation. Tunnel configurations were constructed with
device emplacements strategically located to cause sealing of the
access tunnel by force of the detonation. Additional containment

features were used to contain radiocactive debris.

One of the original user laboratory stemming configurations
consisted of one or more sandbag plugs installed a short distance
from the projected self-sealing location toward the tunnel en-
trance (portal). Two plugs, each about 60 feet in length, were a
typical installation. The sandbag plugs later were changed to
solid sand backfill plugs several hundreds of feet long from the
device location. In many cases, the sand stemming had short sec-
tions of air voids between the plugs. Farther toward the portal,
a keyed concrete plug with a metal blast door was constructed.
The blast door was designed to contain any gases, with pressures
up to 75 pounds per square inch (psi), that might penetrate the
sandbag plugs.

Also as with shaft-type detonations, the unknown presence of
undesirable geologic and hydrologic conditions sometimes caused
venting of radioactive effluent either through the overburden
(ground above the tunnel) to the surface, through fissures opened
between the detonation point and the main tunnel, or through the
plugs and blast door to the main tunnel vent holes and portal.
More substantial containment features evolved as containment
problems became better understood and tunnel events became more

complex.

The first DOD tunnel test was MARSHMALLOW (1962). Stemming
for that event consisted of four sandbag plugs extending out to a

distance of a few hundred feet from the nuclear device (similar
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to earlier AEC-sponsored events). A gas seal door (blast door)
was installed in the main access drift. The next DOD tunnel test
(GUMDROP, 1965) used sand backfill, with a few air gaps, out to a
few hundred feet. As DOD tunnel testing continued, sand plugs
gradually were replaced with various grout mixtures. Some grout
mixtures were designed to match the strength and shock propaga-
tion of the native tunnel material (usually ash-fall tuff) while
other grout mixtures were designed to be weaker and to form a

solid stemming plug shortly after device detonation.

Also, as tunnel testing continued, the gas seal (blast) door
no longer was used as a containment device and was replaced by
strong concrete plugs 10 to 20 feet long. These plugs were keyed
into the tunnel wall and were designed to withstand overpressures
up to 1000 psi. A small access hatch was constructed, and some
of the plugs were penetrated with electrical cables and steel
pipes. All of these penetrations were gas sealed, or capped, to

provide protection against possible gas seepage through the plug.

Use of horizontal line-of-sight (HLOS) pipes in tunnel
events necessitated development of additional closure systems.
The HLOS pipe tunnel and its access tunnels generally were sep-
arated from the main tunnel by one or more concrete plugs. These
closure systems primarily were for protection of the experiments
inside the HLOS pipe but also were considered useful features for

the formation of a stemming plug.

The tunnel volume outside of the pipe was filled by stemming
or grouting, while the experiments inside the HLOS pipe were pro-
tected by mechanical closure systems. Various closure systems
were used, including compressed air or explosive-driven gates and
doors which closed off the HLOS pipe from the detonation within a
small fraction of a second after detonation time. One of these

mechanical closures was the tunnel and pipe seal (TAPS) unit,
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first used on the DOOR MIST event. The TAPS was a heavy steel
door that was released at shot time and fell to the closed

position in less than one second.

Gas blocking techniques similar to those used in shaft
events were used to prevent leakage of radioactive gases along or
through cables from the diagnostic and experiment locations to
the surface. Additionally, a gas seal door usually was installed
in the main drift nearer the portal than the concrete plug.
Utility pipes, such as for compressed air, that passed through

stemming and plugs also were sealed by closure systems.
2.1.3 Containment Evaluation Panel

When containment problems were particularly difficult, the
AEC began to change its emphasis on conditions under which

nuclear detonations should be conducted.

The Manager, AEC/NVOO, had primary responsibility for taking
all reasonable steps to assure that each test was successfully
contained and carried out in accordance with AEC policies. Con-
tainment of DOD tests was a joint effort on the part of AEC, DOD,
and contractor scientists and engineers. To carry out this re-
sponsibility, AEC/NVOO established a Test Evaluation Panel (TEP)
on 17 December 1963 to review plans presented by user testing
organizations (LASL, LLL, SL, and FC/DNA) for each test program.
The chairman of this panel represented the Manager, AEC/NV0OO and
membership consisted of two representatives (one voting member
plus an alternate) from each of the user testing organizations,
plus specialists from contractor and other government
organizations (such as the U.S. Geological Survey). Other
AEC/NVOO contractor personnel were available to present
information in their areas of expertise (e.g., mining and drill-
ing operations). The primary concern of this panel was the

underground containment of radioactive material.
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On 19 March 1971 while testing was suspended because con-
tainment failure had caused serious venting of a laboratory test
(BANEBERRY Event), the TEP was changed to the Containment Evalu-
ation Panel (CEP). The CEP was instructed to give increased
emphasis to containment of radioactive material and the member-
ship of the panel was enlarged to include contractors and
consultants representing additional areas of expertise. Each

underground testing organization was represented as before.

Prior to a formal meeting of the CEP, each user planning a
nuclear test prepared a written containment prospectus which was
submitted to each panel member for review. This information was
then presented to the CEP by the individual users, generally at
the next meeting (meetings were held about ten times a year).
Details of the containment plan and comparisons to previous
successful experiences were reviewed by the panel. Each member
(or alternate) was requested to submit a written statement
describing the details considered favorable or unfavorable to
successful containment and to vote a Category A, Category B, or
Category C.

Successful containment was defined as containment such that
a test resulted in no radiocactivity detectable offsite as
measured by normal monitoring equipment and no unanticipated
release of radioactivity onsite. Anticipated releases were
designed to conform to specific guidance from AEC/DMA. Category
A was defined as "considering all containment features and
appropriate historical, empirical, and analytical data, the
judgment of the member indicates a high confidence in successful
containment.” Category B was defined as "considering all
containment features and appropriate historical, empirical, and
analytical data, the best judgment of the member indicates a
lesser, but still adequate, degree of confidence in successful
containment." Category C was defined as "considering all

containment features and appropriate historical, empirical, and
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analytical data, the best judgment of the member indicates some
doubt that successful containment will be achieved." A written
report of the CEP meeting, containing the containment prospectus,
the record of all discussion and the vote of each member or
independent consultant, was forwarded to Headquarters, AEC, for

review and recommendation for approval to execute the event.
2.1.4 Test Manager's Advisory Panel

Careful consideration of each test event by the CEP to avoid
releases of radioactive effluent to the atmosphere was followed
by additional precautions prior to test event execution. If an
unanticipated release of effluent from an underground detonation
occurred, it was necessary to assure protection of onsite parti-
cipants and the offsite population. The Test Manager's Advisory
Panel was composed of a Scientific Advisor and representatives
from each organization which could contribute information to this

protection goal.

This Panel met at readiness briefings in advance of each
event and in the Control Room prior to and during execution of
each event. Panel members briefed the Test Manager's representa-
tive, later named the Test Controller (who replaced the Test
Manager in 1972), on aspects of containment, seismic shock,
possible radiation releases, weather, and area control plans
pertinent to that particular test. Information presented was
then evaluated by each Advisory Panel member and a recommendation
to proceed with the test or to delay for more favorable condi-

tions was made.

Meteorological <conditions were considered in detail.
National weather data were coupled with local wind data (obtained
from weather balloons released and tracked from stations on and
around NTS) both preceeding and during each test to predict where
an unanticipated release of effluent might be transported off NTS
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and what the levels of radiation might be in the predicted ef-
fluent cloud directions. These meteorological data also were
used with appropriate release models to calculate potential

external gamma exposures and thyroid doses at offsite locations.

Locations of population centers, each dairy cow, and
people at ranches and mines in the projected effluent cloud
directions were presented and evaluated. EPA personnel in the
offsite areas notified mining people to be above ground for
safety purposes at the anticipated detonation time of tests which
might cause a ground shock hazard. This information and numbers
of people who might need to be advised to stay under cover or be
evacuated were presented for consideration. EPA personnel
started offsite air samplers and placed radiation dosimeters in
offsite locations before detonation time. Readiness information
included capability for advising state officials to institute a
milk diversion program if cattle feed or milk might become con-
taminated, and to replace milk and dry feed for family dairy

COwWS.

Status of standby aircraft for effluent cloud sampling and
tracking capability was presented. Communications between off-
site weather stations and EPA personnel were checked to assure

proper operation.

Radsafe personnel onsite assured that remote radiation moni-
toring stations in the test area and in other NTS areas were
functional. Data from these stations, the weather stations, off-
site EPA personnel, and personnel clearing the test area were
displayed in the Control Room for continued visual examination by
the Test Controller and the Advisory Panel. In addition, closed-
circuit television cameras were operational in the test area on
the ground and in helicopters to detect any visual indications of
possible effluent release and alert the Test Controller and the
Advisory Panel members.
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If the Test Controller decided that a projected effluent
direction was close to populated areas, or weather conditions
were not stable enough to determine the direction of any released
effluent after detonation, the decision was not given to arm and
detonate and the test was either postponed for another day or

placed on hold until conditions were favorable.

Conditions were considered favorable when projected effluent
direction was toward sparsely populated areas, weather conditions
were relatively stable, EPA personnel could contact the few
residents in the projected effluent direction and advise them of
protective actions to be taken, and impact on milk supply from
dairy cattle would be minimal. In addition, all essential
equipment, personnel, and procedures were required to be in
readiness status or initiated before permission to arm and

detonate was given.

Permission to arm usually was given at least two hours be-
fore detonation to allow time for arming, securing of the test
configuration and containment systems, and departure of the arm-
ing party from the test area. The detonation, however, could be
delayed at any moment up to detonation time, or postponed until

another day when conditions were favorable.

The Test Controller and the Advisory Panel received infor-
mation, watched visible displays, and communicated with their
field personnel up to detonation and after the test for a suf-
ficient time to assure that venting had not occurred. Remote
radiation detection instrument readings and closed-circuit tele-
vision of the test area were monitored to detect any indication

of effluent release.
When all other indications of venting were negative, and the

Test Controller determined personnel could reenter the test loca-

tion, (e.g., subsidence craters had formed for shaft-type detona-
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tions, and cavity collapse had occurred for tunnel-type emplace-
ments, as indicated by geophones) initial radiation survey teams
entered the test area to confirm that radioactive effluent had
not been released and that any radiation levels were low enough
for experiment data recovery to begin. For tunnel emplacement-
type tests, reentry of the tunnel itself, after initial survey of
the surface areas and recovery of data, was a matter for separate
and careful consideration by the Test Group Director and

radiological safety personnel.
2.1.5 Effluent Release Procedures

If radiocactive effluent was released from an underground
test event, established procedures were initiated in accordance
with the intent of NTS0-0524, "Radiological Safety (Appendix D):
protection of participating personnel and off-site population
from radiation hazards associated with activities conducted at
the NTS." Immediately upon detection of possible venting and
effluent release after a detonation, the following procedures
were to be initiated:

A. For some tests, Radsafe survey teams were at manned
stations in the test area. These teams or those at
check points were released to make radiation measure-
ments to be used in determining direction and radiation
levels of radioactive effluent.

B. Aircraft were standing by to sample and track the
effluent. Data reported were used to further refine
information on effluent direction and radioactivity
concentrations.

C. EPA monitors in offsite areas, previously stationed in

the projected path of any released effluent, were ad-

vised of actual effluent direction and radioactivity
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measurement data and directed to move sampling and
dosimeter equipment, perform ground radiation surveys,
and notify residents and workers in the effluent path of
any necessary precautionary measures, such as remaining

in buildings or evacuating the area temporarily.

D. Capabilities were held in readiness to advise state of-
ficials to implement a milk diversion program. If this
was necessary, Nevada and neighboring state officials
could be advised to impound and replace milk supplies
possibly contaminated through the cattle feed pathway,
and hold impounded milk for decay of the probable con-
taminants, radioiodines, before using it for other pur-
poses. On a localized basis, EPA personnel were ready
to replace family dairy cow milk with fresh milk, and
analyze milk for concentrations of specific radionu-
clides. Dry feed supplies also could be replaced for

family dairy cattle if required.

E. Capabilities were in readiness for thyroid monitoring of
offsite individuals possibly exposed to radioiodines in
the effluent. These mobile monitoring stations could be
used in the offsite areas for screening measurements to
determine if any offsite residents or workers exhibited
thyroid radioactivity and should be transported to Las
Vegas facilities for more precise thyroid measurements

and dose assignment.

Each of the above procedures was established to avoid or
minimize exposure of the offsite population and maintain any such
exposures below the radiation protection standards for individ-
uals and population groups in uncontrolled areas, as established

in NTSO0-0524, "Radiological Safety" (see Appendix D).

While the above procedures were to be initiated, additional
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onsite procedures were to be implemented. Radsafe survey teams,
when released by the Test Controller, were to survey the test
area in sufficient detail to plot gamma radiation isointensity
lines on NTS maps and provide specific intensity measurements at
experiment stations on the surface and at other locations of
interest. These data could be used by the Test Controller in
releasing personnel to enter radiation areas in the controlled
area, and by the Test Group Director in determining when surveys
of his immediate test area and recoveries of experiment data
could be accomplished. These decisions included calculations of
personnel gamma radiation doses based on survey data, radiation
intensities at recovery locations, and estimated times in area,
and assurance that exposures would be limited only to those

necessary and below the standards established in NTS0-0524.

Some tunnel-type emplacement tests that did not result in
venting of radiocactive effluent to the atmosphere did result in
failure of containment systems within the tunnels. High radia-
tion levels then existed in locations where reentry personnel
needed to enter for data recovery purposes. Procedures developed
to minimize exposures of reentry and recovery personnel included
remote radiation detectors located at strategic tunnel complex
locations, remote tunnel atmosphere samplers that removed tunnel
air to locations outside the tunnel for analysis, and tunnel
filtration systems that allowed controlled ventilation of tunnels
before reentry, with only gaseous radionuclides released to the
atmosphere.

The remote monitoring and sampling equipment provided infor-
mation on radiation levels, toxic gases, and explosive mixtures
necessary to determine whether tunnel ventilation should be ac-
complished before reentry. Tunnel filtration systems stopped
particulate radioactivity, and activated charcoal in the filter
system absorbed most of the radioiodines, thus allowing primarily

only radionuclides of the noble gases, such as xenon, to be
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released to the atmosphere. Exposure to radionuclides of the
noble gases is far less hazardous than exposure to the other
fission products. Release of this radioactive material to the
atmosphere in a gradual, controlled manner during tunnel ventila-

tion always was subject to approval by the Test Controller.

2.2 EMPLACEMENT TYPES

The DOD conducted seven underground nuclear tests which are
covered in this report period, and two VELA UNIFORM tests which
are not covered (see Preface) during this report period. Table 1
lists the seven events and pertinent data. There were two shaft
and five tunnel-type tests during Operations MANDREL and GROMMET.
These emplacement types are discussed in this section. An em-
placement type not discussed in this volume is one that results
in excavating or ejecting material from the ground surface to
form a crater (see Crater Experiment in the Glossary of Terms).
A DOD cratering event, DANNY BOY, was conducted in 1962 during
Operation NOUGAT.

2.2.1 Vertical Shaft-Type Emplacement

A shaft-type nuclear detonation was intended to be contained
underground. A vertical shaft was usually drilled, but sometimes
mined, and it may have been lined with a steel casing or have
been uncased. The nuclear device was emplaced at a depth estab-
lished to contain the explosion. At detonation time, a cavity
formed by vaporized rock under pressure held surrounding broken
rock in place until the cavity cooled sufficiently to decrease
pressure., As broken rock fell into the cavity formed by the
detonation, a chimney was formed. If the chimney of falling rock
reached the surface, a subsidence crater was formed. Figure 6

shows a typical subsidence crater.
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Table 1. DOD Events - 12 September 1969 thru 2 May 1972.
OPERATION MANDREL GROMMET
A 3 il
Cl ol gl | S| S| &
> 2 < & 2 o A
TEST EVENT s | ~ Q o
SHFs| 5 | & |Ss|Fe [4
& & | I S s [ $
% A 3 3 S < <
DATE 12 Sep 69 | 5 Dec 6911 Feb 70| 5 May 70 [26 May70| 24 Nov 71|2 May 72
LOCAL TIME (hours) 1102 PDT|0900 P8T|11156 PST|0830 PDT|0716 PDT[1215 PST|1215 PDT
NTS LOCATION utif Ut2e.11|U12n.08 J U12t.01 JU12e.12 Utlig U12n.05
TYPE Shaft Tunnel Tunnel Tunnel Tunnel Shaft Tunnel
DEPTH (feet) 867 1,386 1,319 1,330 1.386 867 1,234
YIELD¥* Low Low Low Low Low Low Low

¥ LOW INDICATES LESS THAN 20 KILOTONS
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Figure &.

A typical subsidence crater.



If a device was emplaced too deeply in the alluvium of
Frenchman or Yucca Flat for the detonation yield, or the depth
was correct but the yield was much less than anticipated, a
subsidence crater might not form; that is, the chimney might not
reach the surface. This was a problem during early years of
underground testing when it was necessary to move drill rigs into
subsidence craters soon after tests for cavity sample recovery
purposes. If a subsidence crater did not form, drill rigs could
not be moved to surface ground zero (SGZ). When directional
drilling from outside the crater was implemented, lack of a sub-
sidence crater in alluvium became less of a problem. Experience
gained with depth of device burial also reduced the chance of

subsidence craters not forming in alluvium.

The two vertical shaft-type underground tests conducted by
DOD during the period covered by this volume each included a
vertical line-of-sight (VLOS) pipe system to the surface and a
mobile tower on the surface that contained the weapons effects
experiments (see Figure 7). The VLOS pipe system contained
several mechanical closures designed to prevent the release of
radioactivity into the atmosphere. These closures were open at
the time of detonation but closed within milliseconds to stop the
flow of material up the pipe. The open volume between the VLOS
pipe and the wall of the drill hole was filled with sand and
other materials. One or more non-porous material plugs were
placed around the pipe. Electrical cables which went downhole
were gas blocked to prevent gas seepage to the surface. Effects
experiments were contained in a mobile tower on the surface that
was moved away from the hole after device detonation, but before
surface collapse (formation of subsidence crater). One potential
problem was the possibility of seepage after surface collapse if
some pathway to the surface developed. Some radioactive effluent
was released into the atmosphere after several previous VLOS-pipe

system tests not covered in this report.
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Figure 7. Vertical LOS pipe configuration.

44



2.2.2 Tunnel-Type Emplacement

Tunnel-type nuclear detonations were intended to be com-
pletely contained. The nuclear device was emplaced in a mined
drift (tunnel) at a depth designed to contain the detonation.
The native material at tunnel elevation for events covered in
this report was ash-fall tuff. Chimneying of broken rock to the
surface was rare for Rainier Mesa tunnel events, primarily
because there was a layer of welded rhyolitic ash-flow tuff at
and below the surface of Rainier Mesa. This tuff has a higher
density than ash-fall tuff and is more competent (has more
strength) than the alluvial material in Frenchman and Yucca
Flats. Tunnel-type emplacements were in one of several
configurations: at the end of a single horizontal tunnel into a
mountain or mesa, at the end of a drift (tunnel) within a tunnel
complex, at the end of a horizontal tunnel driven from a vertical
shaft, or in a cavity mined from a horizontal tunnel or vertical
shaft.

During the period covered by this report, the five tunnel-
type emplacements included HLOS pipe systems placed in horizontal
drifts in tunnel complexes (see Figure 8). Each device was
placed close to the end of a drift inside a tunnel complex. An
HLOS pipe system, including several mechanical closures and one
or more test chambers (which contained effects experiments), were
installed in the drift. The void space between the tunnel walls
and the HLOS pipe was filled (stemmed) with different mixtures of
grout as plugs and/or sand plugs out to a distance of several
hundred feet from the device location. Two or more concrete
plugs were keyed into the tunnel walls between the test chamber
and the main tunnel of the complex entrance. The primary
containment system was the closure of the tunnel in the stemmed
area. Ground shock and expansion of gaseous cavity material
exerted pressure on the tunnel walls and stemming materials to
form a stemming plug (closing the tunnel and HLOS pipe). All

electrical cables and other penetrations within the stemmed area
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were gas blocked carefully to prevent or minimize seepage of
radiocactive gas through the stemming plug. The mechanical
closures were designed primarily to protect effects experiments;
however, they also had some effect on formation of the stemming
plug. Concrete plugs were backup containment features. In the
event the stemming plug did not contain radioactive gases, con-
crete plugs were designed to withstand the maximum expected pres-

sure and temperature.

FC/DNA has led in development of tunnel containment systems
and has maintained continuing research and development programs

to improve containment of tunnel events.

2.3 DIAGNOSTIC TECHNIQUES

The transition from atmospheric to underground testing sub-
stantially reduced release of radioactive materials to the
atmosphere and also required development of new device diagnostic
techniques. On atmospheric tests, high speed photography
recorded fireball growth and aircraft collected samples from the
radicactive cloud for diagnostic measurement analyses. Because
such systems could not be used on underground tests, several new
diagnostic techniques were developed (some of which are discussed

in the following subsections).

2.3.1 Radiation Measurements

Measurements of radiation from an underground detonation
were made possible by developing a system of remote detectors and
cabling to send signals to recording facilities located on the
surface. Detectors utilizing various physical characteristics of
the radiations to be measured were installed near the nuclear
device. High-specification coaxial cable and connectors carried

measurement signals to the surface where electronic equipment,
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film, and magnetic tape recorded the signals.

Detector signals were on the way to recording equipment in
billionths of a second after a detonation, before detectors were
destroyed. These measurement systems required the most advanced
electronic technology available. Indeed, considerable research
and development were necessary to acquire and refine these

capabilities.
2.3.2 Radiochemical Measurements

Because clouds from atmospheric detonations no longer were
available to sample for diagnostic purposes, techniques were
developed to obtain samples of debris from underground detona-
tions for radiochemical analyses and subsequent yield determin-
ations. The first systems were radiochemical sampling pipes
leading directly from the device emplacements to filtering equip-
ment on the surface. These pipes required closure systems to
prevent overpressure from venting radioactive effluent into the

atmosphere after samples were collected.

While these systems functioned as intended for most detona-
tions, the systems did not function properly during all tests,
and some radioactive effluent was released into the atmosphere.
Subsequently, regular use of radiochemical sampling pipes to the

surface was discontinued for a time until technology improved.

A major radiochemistry sampling method which continued in
use for shaft detonations was postevent core drilling. The
objective of this drilling was to obtain samples of solidified
radioactive debris, which had collected in a molten pool at the
bottom of the cavity produced by the detonation. This method
required and resulted in development of precise directional
drilling techniques and several advancements in the science of

core drilling.
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2.4 EFFECTS EXPERIMENTS

DOD/DNA events were conducted primarily to obtain nuclear
weapons effects data. The effects of blast and shock, thermal
radiation and nuclear radiation had been investigated earlier
during atmospheric and underwater tests. Military equipment,
structures, and materials had been exposed to various nuclear
effects. The transition to underground testing required develop-
ment of new test techniques. One important new technology was
simulation of high altitude (to exoatmospheric) conditions for

radiation effects experiments.

This simulation technique involved placing experiments in-
side test chambers and providing a low pressure atmospheric con-
dition from the nuclear device to the experiments. This was
achieved by using large vacuum pumps to reduce pressure inside

the steel LOS pipe to match the pressure of the desired altitude.

Experiments were passive or active. Passive experiments in-
volved placing experiment equipment in the test chambers, expos-
ing it to the desired nuclear environment, removing equipment,
and analyzing it to obtain effects results. Active experiments
utilized various sensors and high speed electronic recording
equipment to obtain data. Many active (diagnostic) experiments

also involved recovery and analysis to obtain effects results.

2.5 TUNNEL AND DRILLING AREA ACCESS REQUIREMENTS

Access to underground workings and drilling sites was con-
trolled for a number of reasons. During construction, safety of
both workers and visitors in these locations could have been
jeopardized by carelessness or seemingly harmless activities of
untrained and uncontrolled workers or visitors. When security-

classified materials were in these locations, only personnel with
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appropriate security clearances were permitted access. The
presence, or anticipated presence, of radioactive material 1in
these locations required access control for radiological safety
purposes. Access requirements established for the above purposes

are discussed below.
2.5.1 Tunnel Access Control

During construction and preparations for a DOD event in a
tunnel or other underground working, the tunnel superintendent
was responsible to the REECo project manager for safety of per-
sonnel underground. From 1962 forward, Radsafe log books and
tunnel log books usually were used to record names and radiation
exposure information for only those persons entering a tunnel
during postevent reentry and recovery operations. In the early
1970s, as a result of the Mine Safety and Health Act, tunnel log
books were expanded to list all persons entering the tunnels
(i.e., mining, drilling, Radsafe, etc.). Visitors and other
personnel not assigned to work in the tunnel obtained permission
for entry from the superintendent, or his representative, and
were apprised of tunnel conditions and safety regulations. In
the event of an accident or other emergency condition under-
ground, the log book provided information on numbers of personnel

and their locations underground.

When classified material was in the tunnel prior to a test
event, and during initial reentry after an event, the DOD Test
Group Director, or his representative, was responsible for entry
and safety of personnel underground. Security personnel checked
for proper security and entry clearances, and maintained records
of a11>personnel entering the tunnel, and safeguarded classified
material and the device. The check point was often well inside
the portal thus allowing several activities to be conducted
simultaneously.
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Control of tunnel access reverted to tunnel management per-
sonnel after tunnel reentry and recoveries. Entry procedures and
use of the tunnel log book, if appropriate, were then as discuss-
ed above.

Additional access controls were instituted for radiological
safety purposes after an event or during construction and event
preparations when radioactivity from a previous event could be
encountered. Part or all of a tunnel complex could be estab-

lished as a radiation exclusion (radex) area.

All persons entering radex areas were logged on Area Access
Registers. Names and organizations represented were listed.
Radiation exposures from reports for the year and quarter were
listed upon entry. Self-reading pocket dosimeter measurements
were added upon exit. This was to assure that personnel
approaching radiation exposure guide limits would not be allowed
to enter radex areas when they could accumulate exposures above

guide amounts.

Before entry, personnel were dressed in anticontamination
clothing and respiratory protection as needed for the particular
radiological conditions in the tunnel. Upon exit, anticontami-
nation clothing was removed, personnel were monitored for radio-
active contamination, and decontamination was accomplished, if

necessary.

2.5.2 Drilling Area Access Control

Access to drilling areas was controlled by the drilling
superintendent and the DOD Test Group Director for the same
reasons as controlling access to underground workings. During
drilling of an emplacement shaft, and during postevent drillback
operations to recover radioactive core samples, personnel safety
and compliance with safety regulations were emphasized continu-

ously.
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During pre-event drilling activities, all visitors were re-
guired to contact the drilling superintendent before entry to the
drilling site. Names of visitors and purposes of visits were
entered in the daily drilling report, and it was assured that

visitors had hard hats and understood safety regulations.

The laboratory which provided the device controlled access
to the area, assisted by security force personnel when classified
materials (including the nuclear device) were brought into the
area for emplacement, as in similar tunnel operations. After the
event, when the drill site was a radex area, during classified
material removal, or during postevent drilling, both security and
radiological safety access controls were in effect as discussed

under "Tunnel Access Control."

2.6 INDUSTRIAL SAFETY CONSIDERATIONS

Implementation of an effective industrial safety program was
an important part of any heavy construction operation. Mining
and drilling operations had a particularly high accident poten-
tial. These operations at the NTS involved additional safety
problems resulting from detonation-induced unstable ground condi-
tions and potential for encountering toxic gases, explosive mix-

tures, and radioactivity.

Miles of underground workings were constructed. More depth
of big holes (three-foot diameter or larger) were drilled than
the known total drilled in the rest of the world. Directional
and core drilling to recover radioactive debris samples after
underground nuclear detonations advanced the science of these
drilling techniques. These operations often were accomplished
under unusual conditions with accompanying difficult safety prob-

lems.
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However, the lost-time accident frequency for the NTS sup-
port contractor employing most of the NTS personnel (REECo) was
only one—-tenth of the frequency for the heavy construction in-
dustry at large (as determined by annual surveys and reports for
300 heavy construction corporations). This excellent safety
record was attained by continuing attention to indoctrinating and
training NTS personnel, investigating and determining causes of
accidents at NTS, implementing and enforcing safety regulations,
and, most important, maintaining the safety awareness of NTS

personnel.

This was a joint effort by the DOE and DNA, and their
predecessors, and by the many other government agencies and
contractors at NTS. Administered by REECo, the safety program
enjoined all NTS personnel to conduct operations safely, and was
exemplified by signs on the portal of a typical DOD tunnel
complex as shown in Figure 9, which includes "Safety With
Production Is Our Goal."

The safety procedures for all NTS operations are voluminous
and cannot be included in this report. Appendix C of this report

is an example of pertinent safety procedures: General Tunnel

Reentry Procedures for Department of Defense and Sandia Labora-

tory Tests. As these procedures indicate, several aspects of

industrial safety are interrelated. Information on monitoring
levels of radioactivity and personnel exposures to radiation is

presented in the next section.

Monitoring of toxic gases and explosive mixtures was an
important aspect of safety in underground workings, on drill
rigs, and in drillhole cellars (enlarged first part of drillhole
for valving and other equipment). Toxic gases and explosive mix-
tures were created by both the nuclear detonations and the mining
and drilling operations. Draeger multi-gas detectors and MSA

explosimeters were used to detect such gases. Fyrite or J&W
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oxygen indicators were used to determine oxygen content of the
working atmosphere. Requirements were that tunnel and drill rig
breathing atmosphere contain at 1least 19.5 percent oxygen.
During the period covered by this volume, it was required that
the breathing atmosphere contain less than the following levels

of toxic gases and explosive mixtures:

Gases Maximum Concentration
Carbon monoxide, CO 50 ppm
Carbon dioxide, CO2 5000 ppm
Nitric oxide plus nitrogen
dioxide, NO + NO2 25 ppm
Nitrogen dioxide, NO2 5 ppm
Explosive mixtures 10% of LEL (lower

explosive limit)

Procedures for controlling explosive mixtures and toxic
gases after each test event are discussed in event chapters as

appropriate.

2.7 RADIOLOGICAL SAFETY PROCEDURES

Procedures were developed in an effort to evaluate radio-
logical, toxic, and other hazards, and protect workers and the
public from unnecessary exposures. The following were the
primary written procedures and implementation methods used at the
NTS from 1969 through 1972.

2,7.1 U.S. Atomic Energy Commission, Nevada Test Site Organiza-
tion - Standard Operating Procedure (NTSO-SOP), Chapter
0524, Radiological Safety.

Chapter 0524, which appears as Appendix D to this volume,
defined responsibility and established criteria and general pro-
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cedures for radiological safety associated with NTS programs.
Some but not all of the major areas discussed are film badge
procedures, radiation surveys, entry into controlled areas, and
radiation exposure guides. Roles of the onsite REECo Radiolog-
ical Sciences Department and the offsite EPA are defined in
NTSO-SOP Chapter 0524.

2.7.2 Standard Operating Procedures for the Radiological

Sciences Department, REECo.

These procedures were prepared and updated annually to
address in more detail the radiological safety aspects discussed
in the latest revision of NTSO-SOP Chapter 0524. The same major
areas were discussed; but in a more specific manner.

2.7.3 Implementation of radiological procedures; required equip-
ment, devices, and capabilities for monitoring radiation levels
in the environment; and monitoring external and internal expo-

sures of personnel.

Equipment and devices used for these purposes and necessary

capabilities, were as follows:

A. Portable Radiation Detection Equipment

- Eberline PAC 4G (alpha)

- Eberline PAC 1SA (alpha)

- Jordan AGB-500B-SR Radector (gamma)

- Jordan AGB-10K-SR Radgun (beta and gamma)

- Eberline E-500B Survey Meter (beta and gamma)

- Technicai Associates and Hanford Cutie Pie
Survey Meter (beta and gamma)

- Technical Associates Juno Survey Meter (alpha, beta,
and gamma)

- Precision Model P-111 Scintillator (gamma)
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Air Sampling Equipment

- Model 102 semi-portable sampler

Satellite sampler
- Hurricane high volume portable sampler (Gelman)

- Vacuum pump low volume portable sampler (Gelman)

Laboratory Analysis Capability

The Radiological Sciences Laboratory analyzed air, soil,
water, surface swipe, nasal swab, urine, and wound swab
samples for some or all of the following activities:
gross alpha and beta, gross fission products, tritium,
strontium-90, plutonium-239, and spectrographic analysis
of specific gamma-emitting radionuclides. The labora-
tory also analyzed some of the above samples for nonrad-
ioactive materials, such as beryllium, through use of an
emission spectrograph and by wet chemistry procedures.
A spectrophotometer was used to analyze for other mater-

ials.

Monitoring of Personnel Exposures

The NTS combination personnel dosimeter and security
credential holder was placed in use in 1966 to provide
increased personnel dosimetry capability necessary to
meet the radiation exposure problems ass